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(57) ABSTRACT 

The present invention relates to the chemical modi?cation of 
single chain polypeptides by means of covalent attachment 
of strands of poly(ethylene glycol) PEG and similar poly 
(alkylene oxides) to single chain polypeptide binding mol 
ecules that have the three dimensional folding and, thus, the 
binding ability and speci?city, of the variable region of an 
antibody. Such preparations of modi?ed single chain 
polypeptide binding molecules have reduced immugenicity 
and antigenicity as Well as having a longer hal?ife in the 
bloodstream as compared to the parent polypeptide. These 
bene?cial properties of the modi?ed single chain polypep 
tide binding molecules make them very useful in a variety of 
therapeutic applications. The invention also relates to mul 
tivalent antigen-binding molecules capable of PEGylation. 
Compositions of, genetic constructions for, methods of use, 
and methods for producing PEGylated antigen-binding pro 
teins are disclosed. 



Patent Application Publication May 23, 2002 Sheet 1 0f 10 US 2002/0061307 A1 

Figure 1 

Competition ELISA 

100 

80-4 

—U-— 0049 sFv 

-—l-— PEG 0049 sFv 

--—o—— 0049 [Q6 

- .mq - \ u...‘ . q i n... 

1 10 100 1000 10000 100000 1000000 

Concentration (nM) 





Patent Application Publication May 23, 2002 Sheet 3 0f 10 US 2002/0061307 A1 

Figure 2 (con’t) 

Figure legend. DNA sequence and protein sequence of CC49/218 sFv 
which has four engineered cysteine residues at the positions 
indicated by the codons underlined and marked by an asterisk. 
Also highlighted are the CDR sequences (double underlined) and 
the 218 linker (underlined and labeled) . Note that _there are also 
four natural cysteine residues in the protein which are involved 
in two disulfide bonds. These are not underlined. The four 
engineered cysteine residues occur independently in four 
different mutants currently, but may be combined in the exact 
four-mutant-codon version shown above. 
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Figure 3 
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Figure 3 (can’t) 
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Figure legend. DNA sequence and protein sequence of CC49/2l8 sFv 
with engineered oligo-lysine C-terminal tail segment. The eight 
new lysine residues were genetically engineered at a BstEII site 
and are shown underlined and marked with asterisks. Also 
highlighted are the CDR sequences (double underlined) ; the 218 
linker (underlined and labeled) ; and selected restriction sites. 
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Figure 6 
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Figure 7 

Binding Kinetics of Mono-, Di-, Tri, -PEG-CC49 
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Figure 8 
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POLYALKYLENE OXIDE-MODIFIED SINGLE 
CHAIN POLYPEPTIDES 

[0001] This application claims the bene?t of the ?ling date 
of each of the following application Ser. Nos.: 60/044,449 
?led Apr. 30, 1997; 60/050,472 ?led Jun. 23, 1997; 60/063, 
074 ?led Oct. 27, 1997; and 60/067,341 ?led Dec. 2, 1997, 
each of Which is incorporated herein by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to the chemical modi 
?cation of single chain polypeptides by means of covalent 
attachment of strands of poly(ethylene glycol) PEG and 
similar poly(alkylene oxides) to single chain polypeptide 
binding molecules that have the three dimensional folding 
and, thus, the binding ability and speci?city, of the variable 
region of an antibody. Such preparations of modi?ed single 
chain polypeptide binding molecules have reduced immu 
genicity and antigenicity as Well as having a longer hal?ife 
in the bloodstream as compared to the parent polypeptide. 
These bene?cial properties of the modi?ed single chain 
polypeptide binding molecules make them very useful in a 
variety of therapeutic applications. The invention also 
relates to multivalent antigen-binding molecules capable of 
PEGylation. Compositions of, genetic constructions for, 
methods of use, and methods for producing PEGylated 
antigen-binding proteins are disclosed. 

[0004] 2. Description of Related Art 

[0005] Antibodies are proteins generated by the immune 
system to provide a speci?c molecule capable of compleXing 
With an invading molecule, termed an antigen. Natural 
antibodies have tWo identical antigen-binding sites, both of 
Which are speci?c to a particular antigen. The antibody 
molecule “recognizes” the antigen by compleXing its anti 
gen-binding sites With areas of the antigen termed epitopes. 
The epitopes ?t into the conformational architecture of the 
antigen-binding sites of the antibody, enabling the antibody 
to bind to the antigen. 

[0006] The antibody molecule is composed of tWo iden 
tical heavy and tWo identical light polypeptide chains, held 
together by interchain disul?de bonds. The remainder of this 
discussion on antibodies Will refer only to one pair of 
light/heavy chains, as each light/heavy pair is identical. Each 
individual light and heavy chain folds into regions of 
approximately 110 amino acids, assuming a conserved 
three-dimensional conformation. The light chain comprises 
one variable region (VI) and one constant region (CL), While 
the heavy chain comprises one variable region (VH) and 
three constant regions (CH1, CH2 and CH3). Pairs of regions 
associate to form discrete structures. In particular, the light 
and heavy chain variable regions associate to form an “Fv” 
area Which contains the antigen-binding site. The constant 
regions are not necessary for antigen binding and in some 
cases can be separated from the antibody molecule by 
proteolysis, yielding biologically active (i.e., binding) vari 
able regions composed of half of a light chain and one 
quarter of a heavy chain. 

[0007] Further, all antibodies of a certain class and their 
F fragments (i.e., fragments composed of VL, CL, VH, and 

ab . 

CH1) Whose structures have been determined by X-ray 
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crystallography shoW similar variable region structures 
despite large differences in the sequence of hypervariable 
segments even When from different animal species. The 
immunoglobulin variable region seems to be tolerant 
toWards mutations in the antigen-binding loops. Therefore, 
other than in the hypervariable regions, most of the so-called 
“variable” regions of antibodies, Which are de?ned by both 
heavy and light chains, are, in fact, quite constant in their 
three dimensional arrangement. See for eXample, Huber, R., 
Science 233:702-703 (1986)). 

[0008] Recent advances in immunobiology, recombinant 
DNA technology, and computer science have alloWed the 
creation of single polypeptide chain molecules that bind 
antigen. These single-chain antigen-binding molecules 
(“SCA”) or single-chain variable fragments of antibodies 
(“sFv”) incorporate a linker polypeptide to bridge the indi 
vidual variable regions, VL and VH, into a single polypeptide 
chain. A description of the theory and production of single 
chain antigen-binding proteins is found in Ladner et al., US. 
Pat. Nos. 4,946,778, 5,260,203, 5,455,030 and 5,518,889. 
The single-chain antigen-binding proteins produced under 
the process recited in the above US. patents have binding 
speci?city and af?nity substantially similar to that of the 
corresponding Fab fragment. A computer-assisted method 
for linker design is described more particularly in Ladner et 
al., U.S. Pat. Nos. 4,704,692 and 4,881,175, and WO 
94/12520. 

[0009] The in vivo properties of sFv (SCA) polypeptides 
are different from MAbs and antibody fragments. Due to 
their small siZe, sFv (SCA) polypeptides clear more rapidly 
from the blood and penetrate more rapidly into tissues 
(Milenic, D. E. et al., Cancer Research 51:6363 
6371(1991); Colcher et al., J. Natl. Cancer Inst. 82:1191 
(1990); Yokota et al., Cancer Research 52:3402 (1992)). 
Due to lack of constant regions, sFv (SCA) polypeptides are 
not retained in tissues such as the liver and kidneys. Due to 
the rapid clearance and lack of constant regions, sFv (SCA) 
polypeptides Will have loW immunogenicity. Thus, sFv 
(SCA) polypeptides have applications in cancer diagnosis 
and therapy, Where rapid tissue penetration and clearance, 
and ease of microbial production are advantageous. 

[0010] A multivalent antigen-binding protein has more 
than one antigen-binding site. Amultivalent antigen-binding 
protein comprises tWo or more single-chain protein mol 
ecules. Enhanced binding activity, di- and multi-speci?c 
binding, and other novel uses of multivalent antigen-binding 
proteins have been demonstrated. See, WhitloW, M., et al., 
Protein Engng. 7:1017-1026 (1994); Hoogenboom, H. R., 
Nature Biotech. 15:125-126(1997); and WO 93/11161. 

[0011] Ladner et al. also discloses the use of the single 
chain antigen binding molecules in diagnostics, therapeu 
tics, in vivo and in vitro imaging, puri?cations, and biosen 
sors. The use of the single chain antigen binding molecules 
in immobiliZed form, or in detectably labeled forms is also 
disclosed, as Well as conjugates of the single chain antigen 
binding molecules With therapeutic agents, such as drugs or 
speci?c toXins, for delivery to a speci?c site in an animal, 
such as a human patient. 

[0012] WhitloW et al. (Methods.'A Companion to Methods 
in Enzymology 2(2):97-105 (June, 1991)) provide a good 
revieW of the art of single chain antigen binding molecules 
and describe a process for making them. 
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[0013] In US. Pat. No. 5,091,513, Huston et al. discloses 
a family of synthetic proteins having af?nity for preselected 
antigens. The contents of US. Pat. No. 5,091,513 are 
incorporated by reference herein. The proteins are charac 
teriZed by one or more sequences of amino acids constitut 
ing a region that behaves as a biosynthetic antibody binding 
site (BABS). The sites comprise (1) noncovalently associ 
ated or disul?de bonded synthetic VH and VL regions, (2) 
VH—VL or VL—VHsingle chains Wherein the VH and VL are 
attached to a polypeptide linker, or (3) individual VH or VL 
domains. The binding domains comprises complementarity 
determining regions (CDRs) linked to framework regions 
(FRs), Which may be derived from separate immunoglobu 
lins. 

[0014] Us. Pat. No. 5,091,513 also discloses that three 
subregions (the CDRs) of the variable domain of each of the 
heavy and light chains of native immunoglobulin molecules 
collectively are responsible for antigen recognition and 
binding. These CDRs consist of one of the hypervariable 
regions or loops and of selected amino acids or amino acid 
sequences disposed in the frameWork regions that ?ank that 
particular hypervariable region. It is said that frameWork 
regions from diverse species are effective in maintaining 
CDRs from diverse other species in proper conformation so 
as to achieve true immunochemical binding properties in a 
biosynthetic protein. 
[0015] Us. Pat. No. 5,091,513 includes a description of a 
chimeric polypeptide that is a single chain composite 
polypeptide comprising a complete antibody binding site. 
This single chain composite polypeptide is described as 
having a structure patterned after tandem VH and VL 
domains, With a carboxyl terminal of one attached through 
an amino acid sequence to the amino terminal of the other. 
It thus comprises an amino acid sequence that is homolo 
gous to a portion of the variable region of an immunoglo 
bulin heavy chain (VH) peptide bonded to a second amino 
acid sequence that Was homologous to a portion of the 
variable region of an immunoglobulin light chain (VL). 

[0016] The covalent attachment of strands of a polyalky 
lene glycol to a polypeptide molecule is disclosed in US. 
Pat. No. 4,179,337 to Davis et al., as Well as in AbuchoWski 
and Davis “EnZymes as Drugs,” Holcenberg and Roberts, 
Eds., pp. 367-383, John Wiley and Sons, NeW York (1981). 
These references disclosed that proteins and enZymes modi 
?ed With polyethylene glycols have reduced immunogenic 
ity and antigenicity and have longer lifetimes in the blood 
stream, compared to the parent compounds. The resultant 
bene?cial properties of the chemically modi?ed conjugates 
are very useful in a variety of therapeutic applications. 

[0017] Although amino acid sequences such as the single 
chain polypeptides described above, and fusion proteins 
thereof, have not been associated With signi?cant antigenic 
ity in mammals, it has been desirable to prolong the circu 
lating life and even further reduce the possibility of an 
antigenic response. The relatively small siZe of the polypep 
tides and their delicate structure/activity relationship, hoW 
ever, have made polyethylene glycol modi?cation dif?cult 
and unpredictable. Most importantly, it Was unknoWn hoW to 
modulate retained activity of the polypeptides after conju 
gation With polymers, such as PEG. 

[0018] To effect covalent attachment of polyethylene gly 
col (PEG) or polyalkalene oxides to a protein, the hydroxyl 
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end groups of the polymer must ?rst be converted into 
reactive functional groups. This process is frequently 
referred to as “activation” and the product is called “acti 
vated PEG” or activated polyalkylene oxide. Methoxy poly 
(ethylene glycol) (mPEG), capped on one end With a func 
tional group, reactive toWards amines on a protein molecule, 
is used in most cases. 

[0019] The activated polymers are reacted With a thera 
peutic agent having nucleophilic functional groups that 
serve as attachment sites. One nucleophilic functional group 
commonly used as an attachment site is the e-amino groups 
of lysines. Free carboxylic acid groups, suitably activated 
carbonyl groups, oxidiZed carbohydrate moieties and mer 
capto groups have also been used as attachment sites. 

[0020] The hydroxyl group of PEG has been activated 
With cyanuric chloride and the resulting compound is then 
coupled With proteins (AbuchoWski et al., J. Biol. Chem. 
252:3578 (1977); AbuchoWski & Davis, supra (1981)). 
HoWever, there are disadvantages in using this method, such 
as the toxicity of cyanuric chloride and its non-speci?c 
reactivity for proteins having functional groups other than 
amines, such as free essential cysteine or tyrosine residues. 

[0021] In order to overcome these and other disadvan 
tages, alternative activated PEGs, such as succinimidyl 
succinate derivatives of PEG (“SS-PEG”), have been intro 
duced (AbuchoWski et al., Cancer Biochem. Biophys. 7:175 - 
186 (1984)). SS-PEG reacts quickly With proteins (30 min 
utes) under mild conditions yielding active yet extensively 
modi?ed conjugates. 

[0022] Zalipsky, in US. Pat. No.5,122,614, discloses 
poly(ethylene glycol)-N-succinimide carbonate and its 
preparation. This form of the polymer is said to react readily 
With the amino groups of proteins, as Well as loW molecular 
Weight peptides and other materials that contain free amino 
groups. 

[0023] Other linkages betWeen the amino groups of the 
protein, and the PEG are also knoWn in the art, such as 
urethane linkages (Veronese et al., Appl. Biochem. Biotech 
nol. 11:141-152 (1985)), carbamate linkages (Beauchamp et 
al., Analyt. Biochem. 131:25-33 (1983)), and others. 

[0024] SuZuki et al. (Biochimica et BiophysicaActa, 788: 
248-255 (1984)) covalently couples immunoglobulin G 
(IgG) to poly(ethylene glycol) that has previously been 
activated by cyanuric chloride. The coupled IgG Was studied 
for physicochemical and biological properties such as 
molecular structure, siZe-exclusion chromatographic behav 
ior, surface activity, interfacial aggregability, heat aggrega 
bility inducing nonspeci?c complement activation, and anti 
gen-binding activity. The poly(ethylene glycol) coupling to 
IgG increased the apparent Stokes’ radius and the surface 
activity of IgG and stabiliZed IgG on heating and/or on 
exposure to interfaces, While no structural denaturation of 
IgG Was observed. The suppressed nonspeci?c aggregability 
Was interpreted mainly by dif?culty in association betWeen 
the modi?ed IgG molecules. These results indicated the use 
of the poly(ethylene glycol)-coupled IgG as an intravenous 
preparation and also as an additive stabiliZing intact IgG for 
intravenous use. 

[0025] Sharp et al. (Analytical Biochemistry 154: 110-117 
(1986)) investigated the possibility of producing biospeci?c 
af?nity ligands for separating cells in tWo polymer aqueous 
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phase systems on the basis of cell surface antigens. Rabbit 
anti-human erythrocyte IgG Was reacted With cyanuric chlo 
ride-activated monomethyl poly(ethylene glycol) fractions 
(molecular Weights approximately 200, 1900, and 5000) at 
various molar ratios of PEG to protein lysine groups. The 
partition coef?cient of the protein in a Dextran/PEG tWo 
phase system increased With increasing degree of modi?ca 
tion and increasing PEG molecular Weight. There Was a 
concomitant loss in ability to agglutinate human erythro 
cytes. 

[0026] Tullis, in US. Pat. No. 4,904,582, describes oligo 
nucleotide conjugates Wherein the oligonucleotides are 
joined through a linking arm to a hydrophobic moiety, Which 
could be a polyalkyleneoxy group. The resulting conjugates 
are said to be more ef?cient in membrane transport, so as to 
be capable of crossing the membrane and effectively modu 
lating a transcriptional system. In this Way, the compositions 
can be used in vitro and in vivo, for studying cellular 
processes, protecting mammalian hosts from pathogens, and 
the like. 

[0027] Excessive polymer conjugation and/or conjugation 
involving a therapeutic moietie’s active site Where groups 
associated With bioactivity are found, hoWever, of ten result 
in loss of activity and, thus, therapeutic usefulness. This is 
of ten the case With loWer molecular Weight peptides Which 
have feW attachment sites not associated With bioactivity. 
For example, Benhar et al. (Bioconjugate Chem. 5:321-326 
(1994)) observed that PEGylation of a recombinant single 
chain immunotoxin resulted in the loss of speci?c target 
immunoreactivity of the immunotoxin. The loss of activity 
of the immunotoxin Was the result of PEG conjugation at 
tWo lysine residues Within the antibody-combining region of 
the immunotoxin. To overcome this problem, Benhar et al. 
replaced these tWo lysine residues With arginine residues and 
Were able to obtain an active immunotoxin that Was 3-fold 
more resistant to inactivation by derivatiZation. 

[0028] Another suggestion for overcoming these problems 
discussed above is to use longer, higher molecular Weight 
polymers. These materials, hoWever, are dif?cult to prepare 
and expensive to use. Further, they provide little improve 
ment over more readily available polymers. 

[0029] Another alternative suggested is to attach tWo 
strands of polymer via a triaZine ring to amino groups of a 
protein. See, for example, Enzyme 26:49-53 (1981) and 
Proc. Soc. Expert Biol. Med, 188:364-369(1988). HoWever, 
triaZine is a toxic substance that is dif?cult to reduce to 
acceptable levels after conjugation. Thus, non-triaZine 
based activated polymers Would offer substantial bene?ts to 
the art. 

SUMMARY OF THE INVENTION 

[0030] The present invention relates to polyalkylene 
oxide/amino acid sequence conjugates and processes for 
preparing them. Suitable amino acid sequences are peptides, 
such as, single chain polypeptides having binding af?nity for 
an antigen, for example, those described by Ladner et al. in 
US. Pat. No. 4,946,778 and Huston et al. in US. Pat. No. 
5,091,513. 

[0031] More particularly, the present invention relates to a 
physiologically active, substantially non-immunogenic 
polypeptide conjugate containing at least one polyalkylene 
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oxide strand coupled to a single chain polypeptide having 
binding affinity for an antigen. The single chain polypeptide 
includes: 

[0032] (a) a ?rst polypeptide comprising the binding por 
tion of the light chain variable region of an antibody; 

[0033] (b) a second polypeptide comprising the binding 
portion of the heavy chain variable region of an antibody; 
and 

[0034] (c) at least one peptide linker linking said ?rst and 
second polypeptides (a) and (b) into said single chain 
polypeptide having binding af?nity for the antigen. 

[0035] In another aspect, the present invention relates to a 
process for preparing physiologically active, substantially 
non-immunogenic polypeptide compositions. The process 
includes coupling a polyalkylene oxide to a single chain 
polypeptide having the attributes described above. Prefer 
ably, the poly(alkylene oxides) used herein are poly(ethyl 
ene glycols) that have been activated for coupling to the 
target polypeptide. 

[0036] The invention is also directed to a single-chain 
antigen-binding polypeptide-polyalkylene oxide conjugate, 
comprising: 
[0037] (a) a ?rst polypeptide comprising the antigen bind 
ing portion of the variable region of an antibody heavy or 
light chain; 
[0038] (b) a second polypeptide comprising the antigen 
binding portion of the variable region of an antibody heavy 
or light chain; and 

[0039] (c) a peptide linker linking the ?rst and second 
polypeptides (a) and (b) into a single chain polypeptide 
having an antigen binding site, Wherein the single-chain 
antigen-binding polypeptide-polyalkylene oxide conjugate 
has an antigen binding affinity Within a range of about 
one-fold to about ten-fold of the antigen binding af?nity of 
the native, unconjugated form of the single-chain antigen 
binding polypeptide. 
[0040] The invention is also directed to a single-chain 
antigen-binding polypeptide-polyalkylene oxide conjugate, 
comprising: 
[0041] (a) a ?rst polypeptide comprising the antigen bind 
ing portion of the variable region of an antibody heavy or 
light chain; 
[0042] (b) a second polypeptide comprising the antigen 
binding portion of the variable region of an antibody heavy 
or light chain; and 

[0043] (c) a peptide linker linking the ?rst and second 
polypeptides (a) and (b) into a single chain polypeptide 
having an antigen binding site, Wherein the single-chain 
antigen-binding polypeptide-polyalkylene oxide conjugate 
has an antigen binding af?nity Within about ten-fold of the 
antigen binding affinity of the native, unconjugated form of 
the single-chain antigen-binding polypeptide. 

[0044] The invention is also directed to a single-chain 
antigen-binding polypeptide-polyalkylene oxide conjugate, 
comprising: 
[0045] (a) a ?rst polypeptide comprising the antigen bind 
ing portion of the variable region of an antibody heavy or 
light chain; 
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[0046] (b) a second polypeptide comprising the antigen 
binding portion of the variable region of an antibody heavy 
or light chain; and 

[0047] (c) a peptide linker linking the ?rst and second 
polypeptides (a) and (b) into a single chain polypeptide 
having an antigen binding site, Wherein the single-chain 
antigen-binding polypeptide-polyalkylene oXide conjugate 
has an antigen binding af?nity Within about ?ve-fold of the 
antigen binding af?nity of the native, unconjugated form of 
the single-chain antigen-binding polypeptide. 

[0048] The invention is also directed to a single-chain 
antigen-binding polypeptide-polyalkylene oXide conjugate, 
cornprising: 

[0049] (a) a ?rst polypeptide comprising the antigen bind 
ing portion of the variable region of an antibody heavy or 
light chain; 

[0050] (b) a second polypeptide comprising the antigen 
binding portion of the variable region of an antibody heavy 
or light chain; and 

[0051] (c) a peptide linker linking the ?rst and second 
polypeptides (a) and (b) into a single chain polypeptide 
having an antigen binding site, Wherein the single-chain 
antigen-binding polypeptide-polyalkylene oXide conjugate 
has an antigen binding af?nity Within about tWo-fold of the 
antigen binding af?nity of the native, unconjugated form of 
the single-chain antigen-binding polypeptide. 

[0052] The invention is also directed to a single-chain 
antigen-binding polypeptide capable of polyalkylene oXide 
conjugation, cornprising: 

[0053] (a) a ?rst polypeptide comprising the antigen bind 
ing portion of the variable region of an antibody heavy or 
light chain; 

[0054] (b) a second polypeptide comprising the antigen 
binding portion of the variable region of an antibody heavy 
or light chain; and 

[0055] (c) a peptide linker linking the ?rst and second 
polypeptides (a) and (b) into a single chain polypeptide 
having an antigen binding site, Wherein the single-chain 
antigen-binding polypeptide has at least one Cys residue 
Wherein the Cys residue is capable of polyalkylene oXide 
conjugation and the Cys residue is located at a position 
selected from the group consisting of the amino acid 
position 11, 12, 13, 14 or 15 of the light chain variable 
region; (ii) the amino acid position 77, 78 or 79 of the light 
chain variable region; (iii) the amino acid position 11, 12, 
13, 14 or 15 of the heavy chain variable region; (iv) the 
amino acid position 82B, 82C or 83 of the heavy chain 
variable region; (v) any amino acid position of the peptide 
linker; (vi) adjacent to the C-terrninus of polypeptide (a) or 
(b); and (vii) combinations thereof, Wherein the polyalky 
lene oXide conjugated single-chain antigen-binding 
polypeptide is capable of binding an antigen. 

[0056] The invention is also directed to a single-chain 
antigen-binding polypeptide capable of polyalkylene oXide 
conjugation, cornprising: 

[0057] (a) a ?rst polypeptide comprising the antigen bind 
ing portion of the variable region of an antibody heavy or 
light chain; 
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[0058] (b) a second polypeptide comprising the antigen 
binding portion of the variable region of an antibody heavy 
or light chain; and 

[0059] (c) a peptide linker linking the ?rst and second 
polypeptides (a) and (b) into a single chain polypeptide 
having an antigen binding site, Wherein the single-chain 
antigen-binding polypeptide has at least three consecutive 
Lys residues Wherein the consecutive Lys residues are 
capable of polyalkylene oXide conjugation and any one of 
the consecutive Lys residues is located at a position selected 
from the group consisting of any amino acid position of 
the peptide linker; (ii) adjacent to the C-terrninus of 
polypeptide (a) or (b); and (iii) combinations thereof, 
Wherein the polyalkylene oXide conjugated single-chain 
antigen-binding polypeptide is capable of binding an anti 
gen. These consecutive lysine residues in the sFv (SCA) 
protein (i.e., oligo-lysine sFv) generate a “hot spot” for 
polyalkylene oXide conjugation. 

[0060] The invention is also directed to a single-chain 
antigen-binding polypeptide capable of polyalkylene oXide 
conjugation, cornprising: 
[0061] (a) a ?rst polypeptide comprising the antigen bind 
ing portion of the variable region of an antibody heavy or 
light chain; 
[0062] (b) a second polypeptide comprising the antigen 
binding portion of the variable region of an antibody heavy 
or light chain; and 

[0063] (c) a peptide linker linking the ?rst and second 
polypeptides (a) and (b) into a single chain polypeptide 
having an antigen binding site, Wherein the single-chain 
antigen-binding polypeptide has at least tWo consecutive 
Cys residue Wherein the consecutive Cys residues are 
capable of polyalkylene oXide conjugation and any one of 
the consecutive Cys residues is located at a position selected 
from the group consisting of any amino acid position of 
the peptide linker; (ii) adjacent to the C-terrninus of 
polypeptide (a) or (b); and (iii) combinations thereof, 
Wherein the polyalkylene oXide conjugated single-chain 
antigen-binding polypeptide is capable of binding an anti 
gen. These consecutive cysteine residues in the sFv (SCA) 
protein (i.e., oligo-cysteine sFv) generate a “hot spot” for 
polyalkylene oXide conjugation. 

[0064] The invention is further directed to a genetic 
sequence encoding a single-chain antigen-binding polypep 
tide capable of polyalkylene oXide conjugation, cornprising: 

[0065] (a) a ?rst polypeptide comprising the antigen bind 
ing portion of the variable region of an antibody heavy or 
light chain; 

[0066] (b) a second polypeptide comprising the antigen 
binding portion of the variable region of an antibody heavy 
or light chain; and 

[0067] (c) a peptide linker linking the ?rst and second 
polypeptides (a) and (b) into a single chain polypeptide 
having an antigen binding site, Wherein the single-chain 
antigen-binding polypeptide has at least one Cys residue 
Wherein the Cys residue is capable of polyalkylene oXide 
conjugation and the Cys residue is located at a position 
selected from the group consisting of the amino acid 
position 11, 12, 13, 14 or 15 of the light chain variable 
region; (ii) the amino acid position 77, 78 or 79 of the light 
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chain variable region; (iii) the amino acid position 11, 12, 
13, 14 or 15 of the heavy chain variable region; (iv) the 
amino acid position 82B, 82C or 83 of the heavy chain 
variable region; (v) any amino acid position of the peptide 
linker; (vi) adjacent to the C-terminus of polypeptide (a) or 
(b); and (vii) combinations thereof, Wherein the polyalky 
lene oXide conjugated single-chain antigen-binding 
polypeptide is capable of binding an antigen. 

[0068] The invention is further directed to a genetic 
sequence encoding a single-chain antigen-binding polypep 
tide capable of polyalkylene oXide conjugation, comprising: 

[0069] (a) a ?rst polypeptide comprising the antigen bind 
ing portion of the variable region of an antibody heavy or 
light chain; 

[0070] (b) a second polypeptide comprising the antigen 
binding portion of the variable region of an antibody heavy 
or light chain; and 

[0071] (c) a peptide linker linking the ?rst and second 
polypeptides (a) and (b) into a single chain polypeptide 
having an antigen binding site, Wherein the single-chain 
antigen-binding polypeptide has at least three consecutive 
Lys residue Wherein the consecutive Lys residues are 
capable of polyalkylene oXide conjugation and any one of 
the consecutive Lys residues is located at a position selected 
from the group consisting of any amino acid position of 
the peptide linker; (ii) adjacent to the C-terminus of 
polypeptide (a) or (b); and (iii) combinations thereof, 
Wherein the polyalkylene oXide conjugated single-chain 
antigen-binding polypeptide is capable of binding an anti 
gen. These consecutive lysine residues in the sFv (SCA) 
protein (i.e., oligo-lysine sFv) generate a “hot spot” for 
polyalkylene oXide conjugation. 

[0072] The invention is further directed to a genetic 
sequence encoding a single-chain antigen-binding polypep 
tide capable of polyalkylene oXide conjugation, comprising: 

[0073] (a) a ?rst polypeptide comprising the antigen bind 
ing portion of the variable region of an antibody heavy or 
light chain; 

[0074] (b) a second polypeptide comprising the antigen 
binding portion of the variable region of an antibody heavy 
or light chain; and 

[0075] (c) a peptide linker linking the ?rst and second 
polypeptides (a) and (b) into a single chain polypeptide 
having an antigen binding site, Wherein the single-chain 
antigen-binding polypeptide has at least tWo consecutive 
Cys residue Wherein the consecutive Cys residues are 
capable of polyalkylene oXide conjugation and any one of 
the consecutive Cys residues is located at a position selected 
from the group consisting of any amino acid position of 
the peptide linker; (ii) adjacent to the C-terminus of 
polypeptide (a) or (b); and (iii) combinations thereof, 
Wherein the polyalkylene oXide conjugated single-chain 
antigen-binding polypeptide is capable of binding an anti 
gen. These consecutive cysteine residues in the sFv (SCA) 
protein (i.e., oligo-cysteine sFv) generate a “hot spot” for 
polyalkylene oXide conjugation. 

[0076] The genetic sequence may be DNA or RNA. 

[0077] The invention is directed to a replicable cloning or 
expression vehicle comprising the above described DNA 
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sequence. The invention is also directed to such vehicle 
Which is a plasmid. The invention is further directed to a host 
cell transformed With the above described DNA. The host 
cell may be a bacterial cell, a yeast cell or other fungal cell, 
an insect cell or a mammalian cell line. A preferred host is 
Pichia pastoris. 

[0078] The invention is directed to a method of producing 
a single-chain antigen-binding polypeptide capable of poly 
alkylene oXide conjugation, comprising: 

[0079] (a) providing a ?rst genetic sequence encoding a 
?rst polypeptide comprising the antigen binding portion of 
the variable region of an antibody heavy or light chain; 

[0080] (b) providing a second genetic sequence encoding 
a second polypeptide comprising the antigen binding portion 
of the variable region of an antibody heavy or light chain; 
and 

[0081] (c) linking the ?rst and second genetic sequences 
(a) and (b) With a third genetic sequence encoding a peptide 
linker into a fourth genetic sequence encoding a single chain 
polypeptide having an antigen binding site, Wherein the 
single-chain antigen-binding polypeptide has at least one 
Cys residue Wherein the Cys residue is capable of polyalky 
lene oXide conjugation and the Cys residue is located at a 
position selected from the group consisting of the amino 
acid position 11, 12, 13, 14 or 15 of the light chain variable 
region; (ii) the amino acid position 77, 78 or 79 of the light 
chain variable region; (iii) the amino acid position 11, 12, 
13, 14 or 15 of the heavy chain variable region; (iv) the 
amino acid position 82B, 82C or 83 of the heavy chain 
variable region; (v) any amino acid position of the peptide 
linker; (vi) adjacent to the C-terminus of polypeptide (a) or 
(b); and (vii) combinations thereof, Wherein the polyalky 
lene oXide conjugated single-chain antigen-binding 
polypeptide is capable of binding an antigen; 

[0082] (d) transforming a host cell With the fourth genetic 
sequence encoding a single-chain antigen-binding polypep 
tide of (c); and 

[0083] (e) expressing the single-chain antigen-binding 
polypeptide of (c) in the host, thereby producing a single 
chain antigen-binding polypeptide capable of polyalkylene 
oXide conjugation. 

[0084] The invention is further directed to a multivalent 
single-chain antigen-binding protein, comprising tWo or 
more single-chain antigen-binding polypeptides, each 
single-chain antigen-binding polypeptide comprising: 

[0085] (a) a ?rst polypeptide comprising the antigen bind 
ing portion of the variable region of an antibody heavy or 
light chain; 

[0086] (b) a second polypeptide comprising the antigen 
binding portion of the variable region of an antibody heavy 
or light chain; and 

[0087] (c) a peptide linker linking the ?rst and second 
polypeptides (a) and (b) into a single chain polypeptide 
having an antigen binding site, Wherein the single-chain 
antigen-binding polypeptide has at least one Cys residue 
Wherein the Cys residue is capable of polyalkylene oXide 
conjugation and the Cys residue is located at a position 
selected from the group consisting of the amino acid 
position 11, 12, 13, 14 or 15 of the light chain variable 
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region; (ii) the amino acid position 77, 78 or 79 of the light 
chain variable region; (iii) the amino acid position 11, 12, 
13, 14 or 15 of the heavy chain variable region; (iv) the 
amino acid position 82B, 82C or 83 of the heavy chain 
variable region; (v) any amino acid position of the peptide 
linker; (vi) adjacent to the C-terminus of polypeptide (a) or 
(b); and (vii) combinations thereof, Wherein the polyalky 
lene oxide conjugated single-chain antigen-binding 
polypeptide is capable of binding an antigen. 

[0088] In the above described embodiments of the inven 
tion, the Cys polyalkylene oxide conjugation sequence may 
be capable of attaching a polyalkylene oxide moiety and the 
Cys residue is located at a position selected from the group 
consisting of (i‘) the amino acid position 77 of the light chain 
variable region; (ii‘) the amino acid position 82B of the 
heavy chain variable region; (iii‘) the amino acid position 3 
of the peptide linker; (iv‘) adjacent to the C-terminus of 
polypeptide (a) or (b); (v‘) N-terminus and C-terminus; and 
(vi‘) combinations thereof, Wherein the polyalkylene oxide 
conjugated single-chain antigen-binding polypeptide is 
capable of binding an antigen. 

[0089] In the above described embodiments of the inven 
tion, the oligo-Lys polyalkylene oxide conjugation sequence 
may be capable of attaching a polyalkylene oxide moiety at 
the oligo-Lys residues located adjacent to the C-terminus of 
the protein, Wherein the polyalkylene oxide conjugated 
single-chain antigen-binding polypeptide is capable of bind 
ing an antigen. 

[0090] In the above described embodiments of the inven 
tion, the C-terminus of the second polypeptide (b) may be 
the native C-terminus. The C-terminus of the second 
polypeptide (b) may comprise a deletion of one or plurality 
of amino acid residue(s), such that the remaining N-terminus 
amino acid residues of the second polypeptide are suf?cient 
for the polyalkylene oxide conjugated polypeptide to be 
capable of binding an antigen. The C-terminus of the second 
polypeptide may comprise an addition of one or plurality of 
amino acid residue(s), such that the polyalkylene oxide 
conjugated polypeptide is capable of binding an antigen. 

[0091] In a preferred embodiment of the invention, the 
?rst polypeptide (a) may comprise the antigen binding 
portion of the variable region of an antibody light chain and 
the second polypeptide (b) comprises the antigen binding 
portion of the variable region of an antibody heavy chain. 

[0092] The invention is also directed to a method of 
detecting an antigen suspected of being in a sample, com 
prising: 

[0093] (a) contacting the sample With the polyalkylene 
oxide conjugated polypeptide or protein of the invention, 
Wherein the polyalkylene oxide conjugated polypeptide is 
conjugated to one or plurality of detectable label mol 
ecule(s), or conjugated to a carrier having one or plurality of 
detectable label molecule(s) bound to the carrier; and 

[0094] (b) detecting Whether the polyalkylene oxide con 
jugated single-chain antigen-binding polypeptide has bound 
to the antigen. 

[0095] The invention is further directed to a method of 
imaging the internal structure of an animal, comprising 
administering to the animal an effective amount of the 
polyalkylene oxide conjugated polypeptide or protein of the 
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invention, Wherein the polyalkylene oxide conjugated 
polypeptide is conjugated to one or plurality of detectable 
label or chelator molecule(s), or conjugated to a carrier 
having one or plurality of detectable label or chelator 
molecule(s) bound to the carrier, and measuring detectable 
radiation associated With the animal. Animal includes 
human and nonhuman. 

[0096] The invention is also directed to a method for 
treating a targeted disease, comprising administering an 
effective amount of a composition comprising the polyalky 
lene oxide conjugated polypeptide or protein of the inven 
tion and a pharmaceutically acceptable carrier vehicle, 
Wherein the polyalkylene oxide conjugated polypeptide is 
conjugated to one or plurality of bioactive molecules, such 
as peptides, lipids, nucleic acids (i.e., phosphate-lysine 
complexes), drug, toxin, boron addend or radioisotope mol 
ecule(s), or conjugated to a carrier having one or plurality of 
peptides, lipids, nucleic acids (i.e., phosphate-lysine com 
plexes), drug, toxin, boron addend or radioisotope mol 
ecule(s) bound to the carrier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0097] FIG. 1 is a graphical representation of three com 
petition ELISA’s in Which unlabeled PEG modi?ed CC49/ 
212 SCA (closed squares), CC49/212 SCA (open squares), 
CC49 IgG (open circles), and MOPC-21 IgG (+) competed 
against a CC49 IgG radiolabeled With 1251 for binding to the 
TAG-72 antigen on a human breast carcinoma extract. 

[0098] FIG. 2 shoWs the DNA and protein sequence of 
CC49/218 SCA Which has four engineered cysteine residues 
at the positions indicated by the codons underlined and 
marked by an asterisk. Also highlighed are the CDR 
sequences (double underlined) and the 218 linker (under 
lined and labeled). In addition, there are four natural cys 
teine residues in the protein Which are involved in tWo 
disul?de bonds. These are not underlined. The four engi 
neered cysteine residues occur independently in four differ 
ent mutants currently, but may be combined in the exact 
four-mutant codon version shoWn in this ?gure. 

[0099] FIG. 3 shoWs the DNA and protein sequence of 
CC49/218 SCA With an engineered oligo-lysine C-terminal 
tail segment. The eight neW lysine residues Were genetically 
engineered at a BstEII site and are shoWn underlined and 
marked With asterisks. Also highlighted are the CDR 
sequences (double underlined), the 218 linker (underlined 
and labeled) and selected restriction sites. 

[0100] FIG. 4 is a graphical representation of three com 
petition ELISA’s in Which unlabeled SC-PEG unreacted 
CC49/218 SCA (closed squares), CC49/218 SCA (open 
squares), unlabeled XUS-PEG unreacted CC49/218 SCA 
(open circles), SC-PEG modi?ed CC49/218 SCA (closed 
circles), XUS-PEG modi?ed CC49/218 SCA (open tri 
angles), CC49 IgG (closed triangles), an Anti-FITC SCA 
(dashed line) or BL-3 IgG (dotted line) Were competed 
against a CC49 IgG radiolabeled With 1251 for binding to the 
TAG-72 antigen on a human breast carcinoma extract. 

[0101] FIG. 5 shoWs the pharmacokinetics of plasma 
retention of SCA and PEG-SCA. The details of the experi 
ment are described in Example 13. 

[0102] FIG. 6 shoWs an SDS-PAGE of the puri?ed CC49 
multimers cross-linked by PEGSOOO under reducing condi 
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tions. The details of the experiment are described in 
Example 14. The lanes of the gel contain the following: 1) 
trimeric form; 2) dimeric form; 3) dimeric form; 4) mixed 
population; 5) native CC49; 6) PEG-CC49 monomer; 7) 
PEG-CC49 monomer; 8) empty; 9) empty; and 10) molecu 
lar Weight standards. 

[0103] FIG. 7 shoWs the binding kinetics of Mono-, Di-, 
Tri-, —PEG-CC49. The details of the experiment are 
described in Example 14. Native CC49 is represented by the 
solid box. PEG-mono-CC49 is represented by the open box. 
PEG-Di-CC49 is represented by the solid diamond. PEG 
Tri-CC49 is represented by the open diamond. 

[0104] FIG. 8 shoWs the results of the competition assay 
performed in Example 16. Nat is native CC49-SCA, C2 is 
PEG SC2000-CC49-SCA; GC is glyco-CC49-SCA; B* is 
the biotinylated CC49-SCA; C12 is the PEG-SC12,000 
CC49-SCA; F5 is PEG-Flan-5000-CC49-SCA; and C20 is 
PEG-SC20000-CC49-SCA. 

DESCRIPTION OF THE EMBODIMENTS 

[0105] The present invention is directed to the novel 
combination of a polyalkylene glycol and a single chain 
polypeptide having binding affinity for an antigen, the 
polyalkylene glycol and polypeptide preferably being joined 
together by means of a coupling agent. 

[0106] Single Chain Polypeptides 

[0107] The invention relates to the discovery that poly 
alkylene oxide conjugated single-chain antigen-binding pro 
teins (“SCA”) or single-chain variable fragments of anti 
bodies (“sFv”), such as PEGylated SCA proteins, have 
signi?cant utility beyond that of the nonPEGylated single 
chain antigen-binding proteins. In addition to maintaining an 
antigen binding site, a PEGylated SCA protein has a PEG 
moiety Which reduces antigenicity and increases the half life 
of the modi?ed polypeptide in the bloodstream. Accord 
ingly, the invention is directed to monovalent and multiva 
lent SCA proteins capable of PEGylation, compositions of 
monovalent and multivalent PEGylated SCAproteins, meth 
ods of making and purifying monovalent and multivalent 
PEGylated SCA proteins, and uses for PEGylated SCA 
proteins. The invention is also directed to PEGylated SCA 
proteins having a diagnostic or therapeutic agent covalently 
attached to an Cys-linked PEGylated polypeptide or an 
oligo-Lys linked PEGylated polypeptide. 

[0108] The terms “single-chain antigen-binding mol 
ecule” (SCA) or “single-chain Fv” (sFv) are used inter 
changeably. They are structurally de?ned as comprising the 
binding portion of a ?rst polypeptide from the variable 
region of an antibody VL (or VH), associated With the 
binding portion of a second polypeptide from the variable 
region of an antibody VH (or VL), the tWo polypeptides 
being joined by a peptide linker linking the ?rst and second 
polypeptides into a single polypeptide chain, such that the 
?rst polypeptide is N-terminal to the linker and second 
polypeptide is C-terminal to the ?rst polypeptide and linker. 
The single polypeptide chain thus comprises a pair of 
variable regions connected by a polypeptide linker. The 
regions may associate to form a functional antigen-binding 
site, as in the case Wherein the regions comprise a light 
chain and a heavy-chain variable region pair With appropri 
ately paired complementarity determining regions (CDRs). 
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In this case, the single-chain protein is referred to as a 
“single-chain antigen-binding protein” or “single-chain anti 
gen-binding molecule.” 

[0109] Single-chain Fvs can and have been constructed in 
several Ways. Either VL is the N-terminal domain folloWed 
by the linker and VH (a VL-Linker-VH construction) or VH 
is the N-terminal domain folloWed by the linker and VL 
(VH-Linker-VL construction). The preferred embodiment 
contains VL in the N-terminal domain (see, Anand, N. N., et 
al., J. Biol. Chem. 266:21874-21879 (1991)). Alternatively, 
multiple linkers have also been used. Several types of sFv 
(SCA) proteins have been successfully constructed and 
puri?ed, and have shoWn binding af?nities and speci?cities 
similar to the antibodies from Which they Were derived. 

[0110] A description of the theory and production of 
single-chain antigen-binding proteins is found in Ladner et 
al., US. Pat. Nos. 4,946,778, 5,260,203, 5,455,030 and 
5,518,889, and in Huston et al., US. Pat. No. 5,091,513 
(“biosynthetic antibody binding sites” (BABS)), all incor 
porated herein by reference. The single-chain antigen-bind 
ing proteins produced under the process recited in the above 
patents have binding speci?city and af?nity substantially 
similar to that of the corresponding Fab fragment. 

[0111] Typically, the EV domains have been selected from 
the group of monoclonal antibodies knoWn by their abbre 
viations in the literature as 26-10, MOPC 315, 741F8, 
520C9, McPC 603, D1.3, murine phOx, human phOx, 
RFL3.8 sTCR, 1A6, Sel55-4, 18-2-3, 4-4-20, 7A4-1, B6.2, 
CC49, 3C2, 2c, MA-15C5/K12G0, Ox, etc. (see, Huston, J. 
S. et al., Proc. Natl. Acad. Sci. USA 85:5879-5883 (1988); 
Huston, J. S. et al., SIM News 38(4) (Supp.):11 (1988); 
McCartney, J. et al., ICSU Short Reports 10:114 (1990); 
McCartney, J. E. et al., unpublished results (1990); Nedel 
man, M. A. et al., J. Nuclear Med. 32 (Supp.):1005 (1991); 
Huston, J. S. et al., In: Molecular Design and Modeling: 
Concepts and Applications, Part B, edited by J. J. Langone, 
Methods in Enzymology 203:46-88 (1991); Huston, J. S. et 
al., In: Advances in the Applications of Monoclonal Anti 
bodies in Clinical Oncology, Epenetos, A. A. (Ed.), London, 
Chapman & Hall (1993); Bird, R. E. et al., Science 2421423 
426 (1988); BedZyk, W. D. et al.,J. Biol. Chem. 265:18615 
18620 (1990); Colcher, D. et al., J. Nat. Cancer Inst. 
82:1191-1197 (1990); Gibbs, R. A. et al., Proc. Natl. Acad. 
Sci. USA 88:4001-4004 (1991); Milenic, D. E. et al., Cancer 
Research 51:6363-6371 (1991); Pantoliano, M. W. et al., 
Biochemistry 30:10117-10125 (1991); Chaudhary, V. K. et 
al., Nature 339:394-397 (1989); Chaudhary, V. K. et al., 
Proc. Natl. Acad. Sci. USA 87:1066-1070 (1990); Batra, J. 
K. et al., Biochem. Biophys. Res. Comm. 171:1-6 (1990); 
Batra, J. K. et al., J. Biol. Chem. 265:15198-15202 (1990); 
Chaudhary, V. K. et al., Proc. Natl. Acad. Sci. USA 87:9491 
9494 (1990); Batra, J. K. et al., Mol. Cell. Biol. 11:2200 
2205 (1991); Brinkmann, U. et al., Proc. Natl. Acad. Sci. 
USA 88:8616-8620 (1991); Seetharam, S. et al., J. Biol. 
Chem. 266:17376-17381 (1991); Brinkmann, U. et al.,Proc. 
Natl. Acad. Sci. USA 89:3075-3079 (1992); Glockshuber, R. 
et al., Biochemistry 29:1362-1367 (1990); Skerra, A. et al., 
Bio/Technol. 9:273-278 (1991); Pack, P. et al., Biochemistry 
31:1579-1534 (1992); Clackson, T. et al., Nature 3521624 
628 (1991); Marks, J. D. et al., J. Mol. Biol. 222:581-597 
(1991); Iverson, B. L. et al., Science 249:659-662 (1990); 
Roberts, V. A. et al., Proc. Natl. Acad. Sci. USA 87:6654 
6658 (1990); Condra, J. H. et al.,J. Biol. Chem. 265:2292 
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2295 (1990); Laroche, Y. et al., J. Biol. Chem. 266:16343 
16349 (1991); Holvoet, P. et al.,J. Biol. Chem. 266:19717 
19724 (1991); Anand, N. N. et al.,J. Biol. Chem. 266221874 
21879 (1991); Fuchs, P. et al., Bio/Technol. 9:1369-1372 
(1991); Breitling, F. et al., Gene 104:104-153 (1991); See 
haus, T. et 211., Gene 114:235-237 (1992); Takkinen, K. et al., 
Protein Engng. 4:837-841 (1991); Dreher, M. L. et al., J. 
Immunol. Methods 139:197-205 (1991); MotteZ, E. et al., 
Eur J. Immunol. 21:467-471 (1991); Traunecker, A. et al., 
Proc. Natl. Acad. Sci. USA 88:8646-8650 (1991); Traun 
ecker, A. et al., EMBO J. 10:3655-3659 (1991); H00, W. F. 
S. et al., Proc. Natl. Acad. Sci. USA 89:4759-4763 (1993)). 

[0112] Linkers of the invention used to construct sFv 
(SCA) polypeptides are designed to span the C-terrninus of 
VL (or neighboring site thereof) and the N-terrninus of VH 
(or neighboring site thereof) or betWeen the C-terrninus of 
VH and the N-terrninus of VL. The preferred length of the 
peptide linker should be from 2 to about 50 amino acids. In 
each particular case, the preferred length Will depend upon 
the nature of the polypeptides to be linked and the desired 
activity of the linked fusion polypeptide resulting from the 
linkage. Generally, the linker should be long enough to 
alloW the resulting linked fusion polypeptide to properly 
fold into a conformation providing the desired biological 
activity. Where conforrnational information is available, as 
is the case With sFv (SCA) polypeptides discussed beloW, 
the appropriate linker length may be estimated by consid 
eration of the 3-dirnensional conformation of the substituent 
polypeptides and the desired conformation of the resulting 
linked fusion polypeptide. Where such information is not 
available, the appropriate linker length may be ernpirically 
determined by testing a series of linked fusion polypeptides 
With linkers of varying lengths for the desired biological 
activity. Such linkers are described in detail in WO 
94/12520, incorporated herein by reference. 

[0113] Preferred linkers used to construct sFv (SCA) 
polypeptides have betWeen 10 and 30 amino acid residues. 
The linkers are designed to be ?exible, and it is recom 
mended that an underlying sequence of alternating Gly and 
Ser residues be used. To enhance the solubility of the linker 
and its associated single chain Fv protein, three charged 
residues may be included, tWo positively charged lysine 
residues and one negatively charged glutarnic acid 
residue Preferably, one of the lysine residues is placed 
close to the N-terrninus of VH, to replace the positive charge 
lost When forming the peptide bond of the linker and the VH. 
Such linkers are described in detail in US. patent applica 
tion Ser. No. 08/224,591, ?led Apr. 7, 1994, incorporated 
herein by reference. See also, WhitloW, M., et al., Protein 
Engng. 711017-1026 (1994). 

[0114] For rnultivalent sFvs (SCA), the association of tWo 
or more sFvs (SCA) is required for their formation. 
Although, rnultivalent sFvs (SCA) can be produced from 
sFvs (SCA) With linkers as long as 25 residues, they tend to 
be unstable. Holliger, P., et al., Proc. Natl. Acad. Sci. USA 
90:6444-6448 (1993), have recently demonstrated that link 
ers 0 to 15 residues in length facilitate the formation of 
divalent Fvs. See, WhitloW, M., et al., Protein Engng 
7:1017-1026 (1994); Hoogenboorn, H. R., Nature Biotech. 
15:125-126 (1997); and WO 93/11161. 

[0115] An object of the present invention is to produce a 
single-chain antigen-binding polypeptide-polyalkylene 
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oxide conjugate Which retains antigen binding af?nity Within 
a range of about tWo-fold to about ten-fold of the antigen 
binding af?nity of the native single-chain antigen-binding 
polypeptide. 

[0116] Another object of the present invention is to pro 
duce an sFv (SCA) having one or more Cys residues such 
that the Cys residue is capable of being conjugated With PEG 
and the PEGylated polypeptide is capable of binding an 
antigen (i.e., the PEGylated polypeptide’s ability to bind an 
antigen is not disrupted). A further object of the present 
invention is to produce an sFv (SCA) having three or more 
consecutive Lys residues such that the Lys residues are 
capable of being conjugated With PEG and the PEGylated 
polypeptide is capable of binding an antigen (i.e., the 
PEGylated polypeptide’s ability to bind an antigen is not 
disrupted). These novel sFv (SCA) proteins may be conju 
gated to activated polyethylene glycol (PEG) such that the 
PEG rnodi?cation occurs only (or preferentially) at the 
speci?cally engineered sites. The activated PEG rnolecules 
Would be thiol-reactive or arnine-reactive polymers such as 
are Well knoWn in the art. The designed changes correspond 
to amino acid residues on the sFv (SCA) surface Which are 
Well separated spatially from the antigen-binding site as 
deduced from knoWn three-dirnentional models of the anti 
body Fv dornain. 

[0117] A further object of the invention is to produce 
rnonovalent and rnultivalent sFvs (SCA) having one or more 
Cys PEG conjugation sequence(s). A further object of the 
invention is to produce rnonovalent and rnultivalent sFvs 
(SCA) having three or more consecutive Lys (i.e., oligo-Lys) 
PEG conjugation sequence(s). For rnultivalent sFv (SCA), 
the association of tWo or more sFvs (SCAs) is required for 
their formation. For example, rnultivalent sFvs (SCAs) may 
be generated by chernically crosslinking tWo sFvs (SCAs) 
With C-terrninal cysteine residues (Curnber et al., J. Immu 
nol. 149:120-126 (1992)) and by linking tWo sFvs (SCAs) 
With a third polypeptide linker to form a dirneric Fv (SCA) 
(George et al.,J. Cell. Biochem. 15E:127 (1991)). Details for 
producing rnultivalent sFvs (SCAs) by aggregation are 
described in WhitloW, M., et al., Protein Engng 711017-1026 
(1994). Multivalent antigen-binding fusion proteins of the 
invention can be made by any process, but preferably 
according to the process for making rnultivalent antigen 
binding proteins set forth in WO 93/11161, incorporated 
herein by reference. 

[0118] Identi?cation and Synthesis of Site Speci?c PEGy 
lation Sequences 

[0119] In the present invention, Cys PEGylation sites may 
occur in the VL and VH regions, adjacent to the C-terrninus 
of the polypeptide (VL, VH or neighboring site thereof), the 
N-terrninus of the polypeptide (VL, VH or neighboring site 
thereof), the linker region betWeen the ?rst and second 
polypeptide regions, or occur in a combination of these 
regions. In the present invention, oligo-Lys PEGylation sites 
may occur in the polypeptide linker or in the C-terrninus or 
adjacent to the C-terrninus of the polypeptide. The design of 
the PEG conjugaton sites on a protein involves examining 
the structural information knoWn about the protein and the 
residues in the proteins involved in antigen binding. The 
PEG conjugaton sites are chosen to be as far from these 
residues as possible so as to prevent disruption of the 
antigen-binding site. 
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[0120] The Cys or the oligo-Lys PEGylation site may 
occur in (1) the native C-terminus of VL (or VH), (2) the 
C-terminus of VL (or VH) Wherein the C-terminus has a 
deletion of one or plurality of amino acid residue(s), such 
that the remaining N-terminus amino acid residues of the 
peptide are suf?cient for the PEGylated polypeptide to be 
capable of binding an antigen or (3) the C-terminus of VL (or 
VH) Wherein the C-terminus has an addition of one or 
plurality of amino acid residue(s), such that the remaining 
N-terminus amino acid residues of the peptide are suf?cient 
for the PEGylated polypeptide to be capable of binding an 
antigen. By “native” is intended the naturally occurring 
C-terminus of the immunoglobulin (?rst or second polypep 
tide). By “C-terminus” it is Well understood in the art as 
intending the C-terminal amino acid residue or the C-ter 
minal region of the polypeptide, Which could include up to 
all of the amino acid residues of the polypeptide excluding 
the ?rst N-terminal amino acid residue of the polypeptide. 
HoWever, in the present invention, “C-terminus” is intended 
as the C-terminal amino acid residue of the above mentioned 
three types of C-terminus (1, 2, or 3), unless otherWise 
indicated or intended. 

[0121] PEGylation sites Were identi?ed and engineered at 
residues Within loop sites in regions of the sFv (SCA) that 
are diametrically opposed to the antigen binding site. The 
?ve loop regions and C-terminal extension chosen as pre 
ferred sites of glycosylation are among the most distant 
regions spatially removed from the binding site. 

[0122] The six furthest portions of an sFv (SCA) from the 
antigen binding site are as folloWs: 

[0123] 1) The loop made up of residues 11 to 15 in the 
light chain; 
[0124] 2) The loop made up of residues 77 to 79 in the 
light chain; 
[0125] 3) The N-terminus of the linker; 

[0126] 4) The loop made up of residues 11 to 15 in the 
heavy chain; 
[0127] 5) The loop made up of residues 82B, 82C and 83 
in the heavy chain; and 

[0128] 6) The C-terminus of the sFv (or SCA). 

[0129] The residues are identi?ed as according to Kabat et 
al., Sequences ofProteins oflmmunological Interest, 5th ed., 
US. Dept. Health and Human Services, Bethesda, Md. 
(1991). These possible PEGylation sites Were determined by 
examining the 4-4-20 mouse Fab structure (see, WhitloW, M. 
et al., Protein Engng. 8:749-761 (1995), incorporated herein 
by reference). 
[0130] After identifying the loops furthest from the anti 
gen binding site, the nucleic and amino acid sequences of 
each loop are examined for possible Cys PEGylation sites 
that may be engineered into the loop region. The engineered 
placement of the Cys residue anyWhere in these six identi 
?ed regions can generate a preferred site for sFv (SCA) 
PEGylation. The engineered placement of the oligo-Lys 
residues in the linker, the C-terminus of the sFv (SCA)and/or 
adjacent to the C-terminus of the sFv (SCA) can generate a 
preferred site for sFv PEGylation. 

[0131] The design approach described above has been 
used for the CC49/218 SCA. FIG. 2 shoWs the folloWing 
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resulting designs: designed PEGylation site no. 1 in the light 
chain of the CC49/218 SCA; designed PEGylation site no. 
2 in the N-terminal end of the linker in CC49/218 SCA; 
designed PEGylation site no. 3 in the heavy chain of the 
CC49/218 SCA; designed PEGylation site no.4 at the C-ter 
minus of the CC49/218 SCA. FIG. 3 shoWs the folloWing 
resulting designs: designed oligo-Lys “hot spot” PEGylation 
sites at the C-terminus of the CC49/218 SCA. Any combi 
nation of these sites could be used. 

[0132] The particular nucleotide sequence Which is used to 
introduce a Cys or oligo-Lys PEGylation site into the 
various positions Will depend upon the naturally-occurring 
nucleotide sequence. The most preferred sites are those in 
Which it takes a minimum number of changes to generate the 
PEGylation site. Of course, based on the redundancy of the 
genetic code, a particular amino acid may be encoded by 
multiple nucleotide sequences. 

[0133] Site-directed mutagenesis is used to change the 
native protein sequence to one that incorporates the Cys 
residue or oligo-Lys residues for PEGylation. The mutant 
protein gene is placed in an expression system, such as 
bacterial cells, yeast or other fungal cells, insect cells or 
mammalian cells. The mutant protein can be puri?ed by 
standard puri?cation methods. 

[0134] Oligonucleotide-directed mutagenesis methods for 
generating the Cys or oligo-Lys PEGylation sites and related 
techniques for mutagenesis of cloned DNA are Well knoWn 
in the art. See, Sambrook et al., MOLECULAR CLONING: 
ALABORATORY MANUAL, 2nd ed., Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY. (1989); Ausubel et al. 
(eds.), CURRENT PROTOCOLS IN MOLECULAR BIOL 
OGY, John Wiley and Sons (1987), both incorporated herein 
by reference. Apreferred oligonucleotide-directed mutagen 
esis method for the present invention is according to Ho et 
al., Gene 77:51-59 (1989), incorporated herein by reference. 

[0135] Hosts and Vectors 

[0136] After mutating the nucleotide sequence of the sFv 
(SCA), the mutated DNA can be inserted into a cloning 
vector for further analysis, such as for con?rmation of the 
DNA sequence. To express the polypeptide encoded by the 
mutated DNA sequence, the DNA sequence is operably 
linked to regulatory sequences controlling transcriptional 
expression and introduced into either a prokaryotic or 
eukaryotic host cell. 

[0137] Although sFvs (SCAs) are typically produced by 
prokaryotic host cells, eukaryotic host cells are the preferred 
host cells. Preferred host cells include yeast or other fungal 
cells, insect cells or mammalian cells. Standard protein 
puri?cation methods may be used to purify these mutant 
proteins. Only minor modi?cation to the native protein’s 
puri?cation scheme may be required. 

[0138] Also provided by the invention are DNA molecules 
such as puri?ed genetic sequences or plasmids or vectors 
encoding the sFv (SCA) of the invention that have engi 
neered Cys residues and/or oligo-Lys residues capable of 
PEG conjugation. The DNA sequence for the PEGylated sFv 
(SCA) polypeptide can be chosen so as to optimiZe produc 
tion in organisms such as prokaryotes, yeast or other fungal 
cells, insect cells or mammalian cells. 

[0139] The DNA molecule encoding an sFv (SCA) having 
Cys residues and/or oligo-Lys residues for PEG conjugation 
























































